From the aerial parts of Astragalus verrucosus Moris, a novel cycloartane-type triterpene glycoside, named astraverrucin VII, was isolated along with cycloaraloside D (peregrinoside II) and cycloaraloside C (astrailienin A). The flavonoid composition was investigated for the first time, and fifteen known flavonoids were isolated and identified. All structural elucidation were performed by spectral means. The chemiotaxonomic importance of these findings is discussed.
Introduction
Astragalus L. is the largest genus in the Leguminosae family and one of the largest genera in the vascular plants, comprising about 2500 species of herbs or shrubs, mostly perennial, widely distributed throughout the temperate region of the world. Astragalus species are divided in two main groups: the medicinal plants and the poisonous species. The biologically active constituents of Astragalus spp. consist of polysaccharides, saponins and phenolics, while the toxic compounds includes imidazoline alkaloids, nitro-toxins and selenium derivatives.
Astragali Radix, the dried roots of various Astragalus spp., is one of the most famous oriental crude drugs used in traditional medicine (it is officially listed in the Chinese Pharmacopoeia) as an antiperspirant, a diuretic or a tonic, but also for its hepatoprotective, antioxidative, immunostimulant and antiviral properties (Tang & Eisenbrand, 1992) .
Astragalus verrucosus Moris (Leguminosae) is an endemic perennial herb in Sardinia (Italy) (Tutin et al., 1972; Pignatti, 1982) . Previously our phytochemical investigations afforded to six saponins, named astraverrucins I-VI from the aerial parts of this species (Pistelli et al., 1997; 1998) . This plant is not used in folk medicine in the region where it grows, but the more polar extracts exhibited promising antifungal activity against the selected fungi and only astraverrucin II showed a significant inhibitory effect among tested pure compounds (Pistelli et al., 2002a) We have further examined the aerial parts of the titled plant and the present work describes the isolation and structure elucidation of a novel cycloartane triterpene glycoside, named astraverrucin VII (1) along with two known saponins, cycloaraloside D (also called peregrinoside II) (2) and cycloaraloside C (named also astrailienin A) (3). Fifteen flavonoids, sorted into two flavons, four flavonol glycosides, eight isoflavones and the pterocarpan maakiain, were also isolated and identified on the basis of their spectral data and in comparison with the literature values.
Materials and methods
Optical rotation were measured at 20°using Perkin-Elmer 141 polarimeter with a 1 dm cell; IR spectra as nujol mulls were registered with Mattson 3000 FTIR spectrometer (Unicam); 1 H and 13 C NMR spectra were recorded on a Bruker AC-300 spectrometer. FAB-MS was recorded on a VG ZAB instrument (Xe atoms of energy of 2.6 KV) in a dithiodiethanol matrix; EI-MS were determined by direct inlet (20 eV) on an HP 5988 A. TLC was carried out on silica Accepted: March 3, 2004 gel (Merck). Sephadex LH-20 (Pharmacia) and Si gel 60 (70-230 and 230-400 mesh, Merck) were used for CC. SPE were performed with SepPak 51910 Waters RP-18 column (55-105 mm). HPLC apparatus consisted of Waters W600E pumps (supported by Millennium 32 Software) and Waters UV W486 detector equipped with a reverse phase column (Supelcosil SPLC-18; 250-10 mm id).
Plant material
Astragalus verrucosus Moris is a perennial herb, located in a restricted area of the Sardinia Island, in Italy (Tutin et al., 1972 
Extraction and isolation of saponins
Air-dried powdered aerial parts of Astragalus verrucosus Moris (1100 g) were defatted with n-hexane and extracted in a Soxhlet apparatus with CHCl 3 and MeOH in turn, to give the respective extracts (H: 7.9 g; C: 29.4 g; M: 293.1 g). The M residue was suspended in H 2 O and shaken with EtOAc followed by n-BuOH to give, on evaporation of the solvents, the corresponding residues (E: 60.6 g; B: 102.5 g; W: 120.9).
All the saponins have been isolated from E and B extracts. 10.5 g of the E residue was chromatographed on a Sephadex LH-20 column (MeOH as eluent) to give six crude fractions EA-EF. Part of the fr. EB (1.4 g), after silica gel CC (CHCl 3 -MeOH 8.5 : 1.5AE6 : 4) furnished 23 subfrs. EB 1 -EB 23 . Astraverrucin VII, the new saponin 1 (31 mg), was purified from subfrs. EB 11 , while saponin 2 (31.3 mg) was obatined from subfr. EB 21 
Isolation of flavonoids
All the flavonoids have been isolated from C, E and B extracts. Part of the C residue (18.9 g) was chromatographed on Sephadex LH-20 (MeOH-CHCl 3 7 : 3 as eluent) to obtain six fractions (frs. C A -C F ). Nine subfractions were obtained (C E1 -C E9 ) from fr. C E (200 mg) after silical gel CC (CHCl 3 -EtOAc 8 : 2). Subfrs. C E3 and C E6 contained pure 18 (11.3 mg) and 15 (13.3 mg), respectively; subfrs. C E8 and C E4 , further purified by preparative TLC (CHCl 3 -EtOAc-H 2 O 8 : 2 : 0.1 and CHCl 3 -MeOH 8 : 2) gave compounds 4 (2.1 mg) and 17 (5.6 mg). Fr. C D (400 mg) was fractioned by silica gel column using CHCl 3 -EtOAc as mobile phase to obtain sixteen frs ar. Fr. q contained pure 10 (8.9 mg); from fr. n pure compound 13 (10.3 mg) was purified after prep.TLC over silica gel (toluene-EtOAc-HCOOH 5 : 4 : 1), while crystallization of fr. h afforded 14 (11.5 mg).
Fr. ED (736 mg), obtained from E extract after Sephadex LH-20 gel filtration (MeOH as eluent), was chromatographed on silica gel column (CHCl 3 -MeOH 9.5 : 0.5AE7 : 3). Twenty subfractions were obtained (ED 1 -ED 20 ) and after crystallization compounds 12 (8.7 mg), 11 (12.1 mg), and 6 (10 mg) were purified from subfrs. ED 10 , ED 15 and ED 20 , respectively. Fr. EF (904 mg) furnished pure 5 (100 mg) after crystallization. The mother liquid, subjected first to silica gel CC (CHCl 3 -MeOH 8 : 2 followed by MeOH) then purified by SPE (eluted with MeOH-H 2 O 8 : 2) followed by prepTLC (CHCl 3 -EtOAc 7 : 3), gave 15 (7.2 mg) and 4 (8 mg). From the B extract, the fr. B 7 (110 mg) was chromatographed on silica gel column (CHCl 3 -MeOH-H 2 O 6 : 2 : 0.2), followed by HPLC separation using MeOH-H 2 O 4:6 as eluent (flow rate 1.2 ml/min) to afford 8 (8.5 mg) and 6 (5.7 mg). Rutin 7 (7.7 mg) was also obtained from the same fraction, after prepTLC (CHCl 3 -MeOH-H 2 O 6 : 2 : 0.2). Fr. B 9 (80 mg) was subjected to column chromatography on silica gel (CHCl 3 -MeOH-H 2 O 6 : 2 : 0.2) and afforded thirteen subfractions (subfrs. B 9I -B 9XIII ). Subfrs. B 9VII and B 9XIII were further subjected to prepTLC (EtOAc : HCOOH : H 2 O 10 : 2.2 : 1) to obtain 16 (3.7 mg) and 9 (9.0 mg), respectively.
Results and discussion
Extracts of the aerial parts of Astragalus verrucosus Moris were reinvestigated to isolate and identify other compounds not yet evidenced in our previous works (Pistelli et al., 1997; 1998) . Three cycloartane-type saponins were isolated and purified by a combination of chromatographic methods from the EtOAc and n-BuOH: Astraverrucin VII (1), Cycloaraloside D (2), and Cycloaraloside C (3). The new compound (1) showed a molecular ion at m/z 695 [M + 1] + on FAB-MS, which is compatible with the molecular formula C 38 H 62 O 11 . Taking into account the results of our comprenhensive 1 H and 13 C-NMR studies (Pistelli et al., 1997; 1998) and previous knowledge derived from metabolites isolated from the genus Astragalus, the main features of cycloartane-type triterpene were evident: characteristics signals due to cyclopropanemethylene protons as an AX system (d 0.23 and 0.51, J AX = 3.9 Hz, H 2 -19), seven tertiary methyl groups in a high field (d 0.98, 1.22, 1.27, 1.29, 1.39, 1.55, 1.97) and H-17 at d 2.50 (J = 7.8 Hz). In the mass spectrum of compound (1) a maximum peak at m/z 143 was observed indicating the presence of a tetrahydrofuran side chain. This fact, in addition to the presence of a triplet signal at d 3.85 (J = 8.8 Hz) belonging to H-24 in the 1 H NMR spectrum, permitted the conclusion that 1 had a cycloastragenol as aglycone. The chemical shifts of the C-20 and C-24 carbon atoms of the 20,24-epoxy-25-hydroxy function were superimposable to those of the corresponding atoms of cycloastragenol, showing that the stereochemistry of these asymmetric carbon atoms was also identical (Hirotani et al., 1994) .
Additionally the resonance of only one anomeric proton was clearly observed in the low field region in the 1 H NMR spectrum at d 4.92 (d, J = 7.8 Hz), indicative of the presence of one b-linked sugar unit. This was supported by the 13 C-NMR spectrum, which showed one anomeric carbon signal at 106.9 ppm. Thus 1 was considered to be a cycloastragenol glucoside in which the sugar residue was linked to C-3 (d 89.2) of the aglycone by means of the diagnostic glycosidation shift of this carbon atom. The 1 H and 13 C-NMR spectra also contained a 3H singlet at d 2.05 and signals at 21.4 and 170.8 ppm; consequently 1 had one acetyl group. The position of the acetyl residue was found by a comparative study of the 13 C-NMR spectra of glucoside (1) and astraverrucin I (Pistelli et al., 1997) , where the signals of C-5 and C-6 carbon atoms of the b-D-glucose residue appeared at 74.4 and 64.4 ppm, while in the spectrum of 1 the same signals appeared at 74.4 and 64.4 ppm. These changes in the chemical shifts showed that the acetyl group had substituted the OH group at C-6 of the glucose. astraverrucin VII (1) resulted as the 6¢-O-acetyl isomer of astraverrucin I. Cycloaraloside D (2) (also named peregrinoside II) and Cycloaraloside C (named also astrailienin A) (3) were also isolated for the first time from this source, although they were previously isolated from other Astragalus spp.: A. amarus (Isaev, 1991) and A. peregrinus (Verotta et al., 2001; 2002) for (2), and A. amarus (Isaev & Abubakirov, 1990) and A. iliensis (Yu-Cun et al., 1990) for (3). These saponins showed the typical spectra of cycloastragenol diglycoside (two anomeric protons at d 5.0 and 6.59 for (2) and 4,26 and 5.35 for (3) in the 1 H spectrum, also supported by the presence of two anomeric carbons in the 13 C NMR spectra). Since only C-3 of both aglycones showed a glycosylation shifts, these glycosides resulted to have a monodesmosidic structure, and differ for the 3-O-linked saccharidic moiety. Both disaccharide portions of the two saponins contained a glucose moiety, with rhamnose as second sugar in (2) (Isaev & Abubakirov, 1990; Yu-Qun et al., 1990) . Rhamnose and apiose had to be attached to hydroxyl group in C-2¢ of glucose both in Cycloaraloside D (2) and in Cycloaraloside C (3), respectively, as showed by the glycosilation shifts of C-2¢ and by the shifts of C¢-1 and C¢-3 (see data reported in Materials an Methods). All the data obtained for compounds (2) and (3) were unambiguously assigned on the basis of a combination of 1D and 2D NMR techniques and confirmed by comparison with the corresponding literature data (Isaev, 1991; Verotta et al., 2001; Isaev & Abubakirov, 1990; Yu-Qun et al., 1990) .
The analysis of flavonoidic content yielded fifteeen known compounds. They were identified as two flavones: apigenin (4) (Agrawal & Markham, 1989) and apigenin 7-O-b-D-(6-O-p-coumaroyl)glucoside (5) (Itokawa et al., 1981; Nauwar et al., 1989) ; four flavonol derivatives as kaempferol 3-Orutinoside or nicotiflorin (6) (Bader et al., 1993) , quercetin 3-O-rutinoside or rutin (7) (Markham & Ternai, 1976) , kaempferol 3-O-robinobioside (8), and quercetin 3-O-robinobioside (9) (Brasseur & Angeuot, 1986) , respectively, and eight isoflavones: daidzein (10), daidzin (11) (Agrawal & Markham, 1989) , ononin (12) (Cui et al., 1992) , calycosin (13) (Harborne & Baxter, 1999) , psudobaptigenin (14) (Markham & Mabry, 1968) , genistein (15) (Agrawal & Markham, 1989) , genistin (16) (Hasegawa, 1957) and pratensein (17) (Agrawal & Markham, 1989) . Maackiain (18), the only pterocarpan derivative isolated herein, was previously isolated in A. cicer and A. trojanus. (Martin et al., 1994; Bedir et al., 1999) . The structures of all these constituents were confirmed by comparison with authentic samples or published data.
All isolated flavonoids are uncommon in Astragalus genus: nicotiflorin, kaempferol 3-O-robinobioside and quercetin 3-O-robinobioside were identified here for the first time, while this is the first report of apigenin 7-O-b-D-(6-Op-coumaroyl)glucoside presence in the Leguminosae family. But isoflavones constituted the prominent fraction of A. verrucosus flavonoids, and among these daidzin, genistein, genistin and pratensein represent previously unreported natural products in the Astragalus genus, while daidzein, calycosin, ononin and psudobaptigenin were identified only in a few Astagalus spp. (A. sinicus, A. membranaceus, A. complanatus, and A. cicer) (Pistelli, 2002b) .
